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Anyone who has balanced an im- 
p^'dance bridge lias probably experi- 
enced the frustration of trying to 
measure an impedance outside the 
range of the available bridge. Th(‘ 
losses in the unknown may be too great, 
its impeflance too high or too low; 
whatever the reivson, the null balance 
cannot be obtained. (Vimbining the un¬ 
known with another imperlance ele¬ 
ment may be the solution; sometim(\s 
another instrum(*nt is available; but as 
often as not the measurement is aban- 
(IoiuhI without any us(*ful information 
being obtained. 

The new Type lb03-.\ Z-Y Bridge 
posse.s.ses the almost unbelievable char¬ 
acteristic that it can be balanced for nni/ 
impedance connected to its terminals. 

Figure 1. Panel view of the Type 1603-A Z-Y 
Bridge. 



From sliort circuit to open circuit, real 
or imaginary, positive or negative, a 
bridge balance can be obtaiiuxl with 
ease. Clearly, high accuracy cannot be 
maintained over an infinite range. 
Nevertheless^ good accuracy is ob¬ 
tained over a very wide range and, even 
in the ranges approaching zero im¬ 
pedance or zero admittance, the ability 
to get an answer of any kind is often 
very valuable. 

The customary types of im|x*dance 
bridges, Maxwell, Hay, Schering, etc., 
evaluate, more or less directly, the in¬ 
ductance or capacitance of an unknown 
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cirruit oloimMit toKethi»r with il^ rt*- 
si.stHiK’i*. Q, nr (iissipatioii factor. Do- 
temiiiiation of the correspoiMlitii' re¬ 
actance or sii.sceptance vahies of the 
unknown then re<|iiires a computati(»n 
in terms of the ani'ular fre(|uency w. 

Tlic new l)ri(lu;(‘ is (lesi^;n(nl for the 
au(Ji<»-fre<|uency range, mmiinally from 
20 cycles to 20 kiloc'ycles. It measun\s 
directly the (piadratun* <*omponents of 
a complex impedance Z If j.V, (»r 
a complex atlrnittam^e >' = ($ -f- j/f. 
The unknown Z or )' may lie in 
any of the four (piadrants of the I’om- 
plex plant* since this bridge can measure 
both ptmlivf and nrgntwe valut's of H 
and (i as vvt*ll as .V and B. 

'Phe basie cinaiit is tht* familiar 
resistance-capacitance bridge but is 
usv'd here in a manner which is Iw- 
lievetl to re|)resi»nt an entirely new 
approach tti the impedance measure¬ 
ment problem at audio fret|uencies. 
It iH'ars, however, a family res<»mblance 
to the radio-fretluency bridgt* descrilxnl 
by Sinclair.’ * 

Theory of the Bridge Network 

The Z-V bridgt* employs a substitu¬ 
tion tf»chnit|ue wheivby an initial bal¬ 
ance. without the unknown <*lemt*nt, is 
ftdlowerl by a final balance with the un¬ 
known in circuit. The difference in 
stMting t)f the controls betwetm thest* 
two balances measures the ctnnph^x 
ct>mpt»nents t»f the iinkintwn. Hritlgt* 
balance is attained by the adjustment 
of a pair of resistive elements, one in 
each t>f two opposite bridge arms. 

Figun* 2 sht»ws tht* basic bridgt net¬ 
work in whi<*h tht* balancing ctuitrols 
an* the rht*t)stats /j*p, calibratt^l in 

* SiuHmr, l>. H., "h HiulN^-Frwiuency Hndjt** l«ir Iiii> 
IHulani’f* .M«iuiun*iiifUti« fnmi -ltM» KilucycIrA to Wl Mtun 
cydii*." Vtoc. tHR, Vol. 2S. \i. 4t»7. NuviMiiU-r, IlMII. 
’SincUir. 1) IV. "A New R-F Hridue for I’m? at Fr«»- 
(|UrtiaioM till to (Vt Gmrrnl Ututu* Kjitm 

tn^nfrr, Vol. XVII, No. 3, AllRiiKt. 


Figur* 2. Basic bridge 
network. 



GEN 


tthms ttf resistance, anti calibratetl 
in mhos of conductance. If /i*p, and Ga, 
are their initial balance values, the 
e(|uations for this preliminary balance 
art*: 

Bp,(\ ^ lh(\ ( 1 ) 

(faiBhC p — I. m ( 2 ) 

It will beseiMi that this initial balance 
is iiide|)endent ttf fret|uency and. fur- 
thf*rmore, will have ntt slitling zero, 
since neither ttf the balancing controls 
occurs in both equations. 

Fttr measuring its impcslanct*. the un- 
kntiwn {Z = /?, -H jA\) is inserted in 
series into the P arm ttf the bridg* 
between Rj, and tht* bridge vertex 
The final bridge balance then yields the 
nt*w vahies anil G^g. It fttlhtws that 
the unknown n*sistance is given by: 

= Rg, - /fp, » 5Rg 13) 
at all fretpiencies. Nttte that can be 
negative if R^, exct*<»ds R^,. The un¬ 
known reactance 

.V, = K{Gn, - G,^) * K 5G„) (4) 

when* the bridge cttnslant 

The unknttwn reactance is intlui*tive 
if fr’a is decreas(*tl in the final balance, 
ttr capacitive if Ga is increastal. 

Fttr measuring its ailmittante, the 
unknown ()' = G, -|- jB,) is connected 
acntss t he .\ arm of tht^ bridge in ftarallel 
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with ($a and TIk‘ fiiuil Imlunce yields 
^ th«‘ new values (i^ and so that the 
unknown rondu<*tanee: 

(rg ^ (r^l “ ~ ofi<t (t») 

at all fn^iueneies and ean l)e in^Lative if 
Gag exee<»ds f»«|. The unknown sils- 
eeptanee 

[i = (O 

" K K 

is inductive if /fj, decreases or capacitive 
if Hp increases in t he tinal l)alance. 

Note that iit the two ty|>es of meas¬ 
urement the functions of lh(‘ two hal- 
atice controls are transpiisisl. Iti th(‘ 
measurement of Z, the clninK<‘ iti 
L^ives directly the real component /<*„ 
and the chanRc* in G„ determines the 
imaj?inary <Mmiponent A',, while in the 
measur<*ment of the change in Kp 
4^ determines the imaginary c(»mponent 
fig and the change in Ga gives directly 
the n>al component Gg. 

A given scale (»n the ftp (‘ontrol can 
obviously Im‘ made dire4*t rrmding in 
both Rg and fig by the pro|MT choice of 
the bridge constant. K. K<|uation (o). 
Similarly the Ga control can lie matle 
direct mading in both G, and A',. In- 
sp(»clion of the e<|uations shows that, if 
these common dial scales an* to be cali¬ 
brated in ohms and mieromluKs. the re- 
r|uircsl value of K is 10*. If vomplHe 
coverage is desired, it follows that the 
resistaiu’e range must be the reciprocal 
of the conductance lange. In the I'ype 
M5()3-A Z-Y Hri<ige, K e(|uals 10*, and 
identical range's of 1000 ohms and 1000 
Mmhos have been chosen for tin* com¬ 
plex parameters of the unknown. To 
tK*rmit measurement of positive and 
negativ'e V'alues of Rm Gj, X, and fig, 
initial balance must iN'ctir at mid¬ 
range of both control scales. 

From equation (o) it is .•«*<*n that the 


bridge constant, K, is a function of fre¬ 
quency. By means tif a thrf»e-pasition 
switch. th<‘ fixed parameters of the 
bridge network are s«‘le<*te<l to kf‘<*p 
each of the products R^Ca and Rh(\ 
c<m.staiit and. simultaneously, to give K 
a value of 10* for any one of thr<»«* con¬ 
venient reference fre(|ueni ies: /, = KM) 
c, I kc or 10 kc. When the bridge is o|X‘r- 
ated at the corresponding reference fre- 
(|uency, tia* dial scale for the imaginary 
component will Im’ <Iin»ct n'atiing in 
ohms or anihos. The R and G .scales are 
direct-reading at anp freipieney. 

When tin* operating freipKMicy. /, 
differs from the selected refcTence fre- 
(piency, /», the imaginary components 
are given by: 


Xg (in ohms) 
Rg i in /umhas) 


fo 

/ 

/ 

h 


{bGa in /iinhos) 
\hRp in ohms) 


(S) 

0») 


A balatK'c of this bridge «*an Im* oIh 
tained in terms of im/av/oarc at any 

given frcMpiency, /, if Rg and A', 

are huth l>elow KHM) ohms. If either of 
tlu'.se <|uantities exceiMls KHM) ohms, an 
im'ihdanv.p balain’c is imp<»ssibl(*. How¬ 
ever, by connecting the unktiown in 
parallel in the A arm, an ndmiitaiicr 
balance «*an l)e obtained, as the follow¬ 
ing simple ('onsideration will show. If 
either component of tin* complex im¬ 
pedance 


e\cet*ds 1000 ohms, tin* scalar valin* of 
this impt»darn*e mu.st excts*il 1000 ohms, 
and the .scalar value of (he corresp(»rnl- 
ing complex admittaiwe. as well as each 
of its components, must be le.ss thaik 
I (MM) atuhos. 
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Figure 3. Nermol operotion of fhe Z-Y Bridge 

Figure 3a. Initiol bolonce ob- Figure 3b. MeoturemenI of Figure 3c. Meoturement of 

toined with controU and impedance. Final balance ob* admittance. Final balance ob* 

ARp. toined with control! G^ and toined with controU G, ond 

R,.. Rp. 


ConvTr.sf‘ly if either of the (|ua<lratiiro 


rompoiuMiU ($\ or 





exfoeci.s 


1000 junihos, an (utmilluncr Italance is 
iin|)().s.sihl(\ hut an imptfiatiee halanre 
can be matle. 

Thus eit her a ^ or a )* balance is al¬ 
ways po.^^ible anti we have a truly uni- 
versjil bridge with an infinite raiipt*. 
The familiar ef}uations for tran.slatin^ 
im|XHlain-e to admittance component.s. 
or vice vtTsa, can, <»f i’ourse, bo ustMi if 
di\sireil. 

In a Riven im|M'dance balance it will 
Im‘ setni from Kipiation (8) that, if &(io 
turns out to be less than 100 /imhos 
wluMi /„ is I or 10 kc, a shift to tlie next 
smaller value of /« will increa.se the n*- 
nuinxl S(i\ ItOt fitld and thendty en¬ 
hance thc‘ pn^cision with which tin* 
react ain't*, A*„ is evaluated. Similarly, 
in a Riven admittance balance, Kfpni- 
tion (0), if is le.s.s than 100 ohms 
when fu is 100 c or 1 kc. a shift to the 
next larRcr valnt* of /„ will incivast* the 
prt»cision with which the sust'cptanct*. 
Hg, ('an be m(*asuri*d. 

t’c»nverwly. an int'n^a.st* in if |)o.h- 
siblt*, may si*rve to briiiR within limits 
an “off-scale*' value of A’,, while a d(*- 
creaseof if possible, may briiiR with¬ 
in limit.s an “«iff-s(*ale” value of Hg. 

ruder tln*s<* cfuiditions, th(*/„ .selector 


switch functions, in (*ffoct, im a multi¬ 
plier for the X or H scale rauRes, but 
ftoi for the H or (t .scale* raiiRt^ which an* 
fi.xed at l(K)0 units eat'h for all values of 
[) 0 th / and fo. 


Operating Features 

The user will appn*ciate tin* con¬ 
venience of z(»ro-cent4*r(*d .scak*s on t he 
two balanciiiR t'ontrols whit'h, in the 
final balance, read dirt*ctly tla* values of 
o/t'p and 66’a, and eliminate the sul»- 
traction indicated in the etjuatitjns. 

Kach balance control consists of two 
s(‘parate rheostats. 'Fhere are t wo main 
controls desiRiiated as (U Hiid Hp in FiR- 
ure 3. These have identical linear scales. 
(^Hch zero-center(*d and calibrated to 
^ lO.Vl units in c*ach dirc*ction to pro¬ 
vide some d<*.sirable overlap. Fhey ait* 
pn».set to their r(*s|x*ctiv(* mid-s(*ale 
valiH's G„o and Hp,, prior to makiiiR the 
initial balance with tin* two auxiliary 
controls Afi’o and A/ip. Final balance is 
then made with the two main dials, 
which indicate directly the values of //g 
(or Gg) and 6Gm for Ftpiation (S) (or Slip 
for F(|uation (9) ). Tin* fre(|uency ratios 
in the,s4* equations are indii'ated on the 
main dials. 

In operation desiRiiated /as normal^ 
duriiiR the initial balance the two main 
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Control rheostats arc removed from the 
circuit by switching and are replactnl by 
two fixed resistors duplicating their 
mid-s<*ale values and thus 

avoiding a preliminary centering of the 
main dials. This feature is a great con» 
venieiice in making measurements o\'er 
a range of fre(|uency, since a ciuick 
readjustment of the initial balance can 
be made on the auxiliary dials for each 
new free|ueiicy. 

If the / or }’ ('omponents of the un¬ 
known produ(‘e only small main dial dis¬ 
placements (n'adable with limited pn*- 
cisiou) in the final balance, a revered 
o|K‘ration techni(|ue can Ik* used. In this 
cas4» all Jour balance cont rols are in tiu* 
circuit during the initial lialance, which 
is made with the two main controls 
after the two auxiliary controls have 
been set to give the desirc*il range 
of mf*asurf‘ment. The final l>alance is 
then made solely on the two auxiliary 
controls whosi* incn*mental displaci*- 
ments, on expanded scales, permit mon* 
precist* measuremt'iits. 

For this purpost*. the auxiliary dials 
are calibnittnl in the same units as the 
main dials and havt* full scale rang<‘s of 
12b units for A(»a and 140 units for 
SHp. I’hey are purposely made noii- 

Figurc 4. Impedonc* components of ’’block box*' 
os o function of frequency. 


• .KXo 



linear to |K*rmit maximum precision 
in the measurement of a few ohms t»r 
a few micromhos. 

By selecting the appropriate arrangt*- 
rnent of the detector terminals of 
the l)ridge, the o|K‘rator may meas¬ 
ure: (1) the grontalrd Z or )’ valui* of thi* 
unknown with one terminal groundt*<l 
and tiie ground capat itance of its high 
t4*rminal in ftaralh I with the unknown 
element, (2) t he direct Z or V value wit h 
iht* ground capacitancf*s of lioth ter¬ 
minals removeti, or (3) the balanced 
value of Z or )* with both ground capac¬ 
itances of the float ing unknown element 
existing in delta across it. This valuable 
feature is not po.ss4*ssed by many tyjics 
of impedance bridge's. 

The generator is isolated from the 
bridge* network by an internal shield(*<l 
transformer. ( Fig. 2.) .V similar exti'riial 
transformer (not providwl) is n*e|uired 
for tIu* detei’tor input if the balanceMi 
value of the* unknown is de*sire*d. 'riie* 
Type 57H Tran.sfornicr is ree’ommendcd. 

Figure 1 shows the panel arraiige*- 
ment of this brielge*. The two con- 
treils an* on the* left and the two fip e*on- 
trols are on the right. Switching is 
arrange*el for maximum convenience*, 
whii’h pe'rmits the* unknown to re*main 


Figure 5. Reoctonce vt. resistance for o typical 
loud speaker. 
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Figure 6. Impedance parometers of an electrolytic 
capocitor. 


Figure 7. Impedance components of tope recorder 
head as a function of frequency. 


fittachetl to a .siri^k* pair of terniinaLs at 
all Tlif fuiiftion of the/„ soleftor 

switch (upper loft on panel) has alroarly 
l)een describeil. A six-position switch 
(upiKT rij^ht panel) provides fttr (1) nor¬ 
mal initial. (2) n*versed initial and (3) 
final balance for either Z or )' measure- 
mentM<. It disconnects the non-pn‘oiinded 
terminal of the unknown f(»r all initial 
balances. In addition, it .shifts the 
bridge position of the unknown to 
fiermit Z or )’ measurements, keeping 
I lie same unknown terminal grounded 
in all positions. 

Residual Errors 

Any impedance bridge is subject to 
certain residual errors bccau.'^e its resis¬ 
tive components (‘aiiiiot be made <*om- 
pletely non-rear‘tive, and its reactive 
components cannot be matle to have 
zero lo.sses. Furthermore, stray ground 
capacitance exists at each veitex of the 
briiigc* which is not/directly ground(*d. 
'rhis capacitance is not signiHcant, 
of coui'M*. if the o))posite vertex is 
grounded. 

In this Z-V bridge. s<m* Figure 2. the 
I»ridge vertex \' is grounded for im¬ 
pedance measurements, while the bridge 
vertex T is groundeil for atlrnittance 
measurements. Hence the nvsidual 


ground capacitance at the vertex S ap¬ 
pears a(*ioss the F arm for Z meas¬ 
urements and across the B arm for 
>’ measurements. To neutralize this 
capacitan(*e, a small voltage of appro¬ 
priate phase and magnitude is in¬ 
troduced at this junction S. The 
transformer capacitance and the ground 
capacitance of the vertex Q are in paral¬ 
lel with either r„ or where they are 
insignificant. 

()ther significant residual Impedances 
are the small inductances of the wind¬ 
ings of the two main rheo.stafs. These 
have been neutralized at mid-scale and 
at the extreme scale limits by plac¬ 
ing appropriate capacitors across each 
half of these rheostat windings. Th(* re¬ 
maining (reduced) errors reach a maxi¬ 
mum at the =^500 .scale points. C'orrec- 
tion data, .significant only at high fre- 
(lueiicies, are .supplied. 

The over-all accuracy of measun*- 
ment depends not only on th(‘ influence 
of tu'idge residuals but also upon the 
re.solution of the contn»l dials and on 
the sensitivity of the null <letector. 
Since the bridge con.stant K is a func¬ 
tion of fre<tuen<*y, it should be noted 
that the absolute values of a mea.s- 
ured A’x or /^x, but not /i*, or 
dei)end dire<*tly upon the a<M*uracy with 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 























































7 


JULY, 1955 




which the fre<nieiicy,/, of the generator 
is known. Nominal accuracy of the 
bridge is =*=1 %. 

APPLICATIONS 

'I'his new and versatile bridge is sim¬ 
ple, <*onvenient and rapid in operation 
and shonld find many nsefid applica¬ 
tions in addition to the obvious mea.s- 
nrement of /A L and (* components. 
Among these are: 

.\. Tmk Typical “ I^lack Box ” Pkob- 

LKM 

Th(* two-terminal circuit network, 
containing a resisten*, an inductor and 
two capacitors, was measured as an 
impe.<lance from UHt c to 10 kc. Figure 
4 sliows the variation of R and A' with 
fre(inency. 

H. Analysis of ELK<TKo-AforsTir 

'fKANSDUCKHS 

Figure 5 shows the nnclamped imped- 
ance circle for a small 2-ohm, 2-inch 
loud speaker mc*asnr(Ml directly, without 
a transformer, and tlfunonstrates a ma¬ 
jor acoustic resonance, without a baffle, 
at about 350 cycles. 

(’. LF C'liAKAcTERisTirs OF Electuo- 
LYTU* C'APACITOHS 

Measured values for a small elec- 


trolyti»* capacitor, wfien translated into 
.series resi.stance and cajiacitance, Figure 
6, show tlie progressive dro|) of f' with 
increasing / and I lie rapid ri.se in H 
below 400 cycles. 

I). 'Fe.STS for lUNEARlTY OF C'OMPO- 
NEXTS 

A freipiency run of a tape re<*order 
head. Figure 7, showed it to be non- 
n*.sonant at least up to 20 kc. 

E. H ESON A XT Fr EQtT EN(’l ES OF J X DIH - 
TORs AND Transformers 

Figure S shows the su.sceptance varia¬ 
tion of a 5 henry inductor witli increas¬ 
ing fiecpiency. This inductor first be¬ 
came capacitive at /i, reverted to iinluc- 
tive at /a, and became capacitive again 
at /j, whicli is not an exact harmonic of 

u 

F. Transformer Para.meters 

'Die open and .short-(*ircuited imped¬ 
ance of transformers can be measured 
thereby yielding leakage reactance, self 
and mutual inductance, and c«H‘fficient 
of coupling; for example, t his bridge has 
been used to measure the leakage reac¬ 
tance of Variai*^ antotran.sformers. 

(J. nDIO Transmission \etwor ks 

The input and output impeilaiice of 
filters and other audio frequency trans- 


Figure 8. Susceptonce variation of a 
5>henry inductor at frequencies 
where distributed cpacitance pro¬ 
duces resonance effects. 



J < e E < 12 '4 >6 6 La 


Figure 9. Impedance components of a Baisbaugh cell 
(llO/ipf empty) filled with top water. Since the electrodes 
of this porticular cell were not designed for use with water, 
the data are not indicative of the actual constants of the 
water, but ore presented here only as on example of this 
type of meosurement. 



‘ef'-.Y'ENC * 
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mission networks, tfigetlier with their 
romplex ehariieteristie impedance, can 
he obtained. 

11. lMPKD.\i\(‘K OF HaTI EHIKS 

The internal impedance of batteries 
<*an be measured provided that their 
resistance is less than (»ne kilohm. 

I. C'oxDiT<'Tivrrv of biguins 

'rhis bridge should be particularly 
useful for measuring the a-c condtictiv- 
ity of ele<*trolytic solutions. Irrespective 
of dielectric constant, the reai’tive eom- 
ponenl of the test c(*ll imp(*dance can be 
balanced. Fijctire It shows data taken 
on tap water usiuM: a Balsl>auKh cell. 

J. I*J.E(Tl<0-(’lIF.Mie.\K UfsE.\H('I1 

Cinailar arc |)lots (►f solids or licpiids 

having: los.sy polarizations in the auilio- 
freciueiicy rauf^e can be obtained. Data 
that have hitherto been dilfieult to f)ro- 
cure in this region are now easily takcm. 

K. Feedback Loops 

'riie ability to measure a negative 
resistance with this bridge is illustrated 
by the data in Figttre 10 which show the 
variation, with frecjuiuicy, j>f the input 



Figure 10. Input impedance of a feedback circuit 
showing negative resistance characteristic. 

impedance of an amplifier with cathode 
follower network. 

I VAX ( i. Eastox 
HoBATlO \V. LaMSO.V 
Xote; The circuit and method of meas¬ 
urement for this britlge was devised by 
Ivan (1. Easton. .Vdmini.strative En¬ 
gineer. Horatio W. Lamson, Engineer, 
collaborated in tlie final design. Editoh 


SPECIFICATIONS 


Frequency Range: 20 cyrlcs to 20 kr. 

Impedance and Admittance Range: If tin* .'ilisrt- 
lutt* rcsistanre is les.s than KMK) otiin.s aiul the 

;ib.sohitv is k'S,*? than KMH) ^ ohms, 

the unknown is measured as an im)M‘(inn(‘c. If 
tlu' ultsoluO* conductunre is loss than 1000 
inicromh«»s and the :d)solutc susci^ptance is 

loss than KMM) ^ micromhoa, the unknown is 
J« 

mcn.surcd as an {Klmitnimrc. I'ndcr certain 
limited conditions, a choice of Z or )' mensun^- 
ments is possilde. 

Accuracy: For n?al components, If or (i: 

, 4-12 ohms or 2 micromhos)) for the main 
dials; comi>onf*nts of less than about IlM) ohm.s 
(or IIHI micromhos) can lx* inciisuivd on thr 
auxiliary dials vNithin *(1 -4-fn.2 ohm (»r 11.2 

inicrornhoj). For imaKinarv component. .V or H: 




2 /. 


r T ohm oiy^ micromho J ^for t he main 

Tm 


t2*v ohm or 0.2'! micromho 


]) 


dials: *(1 %-f[^0,2 . 

for the au.xiliary dials. To oht.ain this accuracy 
in the mea.surcme.nt of .small (|uadrature <‘rmi- 
poncrUs at the higher fre(piPMci<?.s, correction 
datji, .supplied in the oiNorating in.slructions, 
must he applies). The absolute me.isurcnnaU 
of X :ind H, hut not H and (1, inv<ilve.s the fre- 
(|uen<*v error of thr* exciting generator. 
Maximum Applied Voltage: l.’IO volts nn.s. 
Accessories Required: .\ calihratral oscillator or 
other suitahle a-e generator, and a null detec¬ 
tor. The Tvpk 12in-H Pnii Oscillator and the 
Type 12I2-.\ Urut Null Deicctoi arc recom¬ 
mended. 

Accessories Supplied: 2 Type 27I-NC<) Shielded 
C'ahles, for connections to g(‘n<*rator and 
detector. 

Mounting: .\luminum cabinet and panel. Black 
eraekle finish. Carrying handle provithal. 
Dimensions: Panel: (Width) 12**2 X (height' 
FI*5 X (depth) 8*2 inclu»s. over-all. 

Net Weight: 21 '2 pounds. 


fWc Word 


Price 


Z-Y Bridge 


$335.00 
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JULY, 1 9SS 


NEW PULSE AMPLIFIER INCREASES UTILITY 
OF UNIT PULSER 


l)«\siKiUMl primarily as a companion 
instmmcnt for the Tvi»k 1217-A ^ Unit 
Piilscr, the Type 1219-A Unit Pulse 
Amplifi(^r offers a specific solution to the 
problem of producing; puls(*s with many 
different characteristics of duration, 
duty ratio, and impedame level at 
higher power levels. In combination, 
the Unit Pul.s(*r and Unit Pulse Ampli¬ 
fier (M)nstitute a pul.se generator ai>- 
proaching the wide range f»f durations 
and repetition rates eharacteri.stic of the 
Unit Pulser, but with the power-output 
<*hara<’teristics usually associabnl with 
more ex|>ensive and .s|KH*ialize<l pulse 
generators d(‘sign(Hl to fit limiUHl field.^j 
of application. Through the economies 
of standardiziMl unit design, this ver- 
.satile combination is lower in pri<*e than 
many narrow range pulsc^rs designed 
for me<lium power output. 

When it Ls driven by any available 
.source of eithcT positive or negative 
pul.ses, the Unit Puls(‘ .Amplifier will 
produce puLses of current with magni¬ 
tudes up to tit^l ma. This pul.se of <*ur- 
rent can drive internal loads to prorluce 

> Frank, R. W.. "I'uUtv in a Small Piirkajto’*. Gtneral 
Radio Exptnmmlrr. Vol. XXVIII. No. 10. March 
pp. 1-7. 


either piKsitive or negative voltage* 
pulses, or can be u.se<l to drive a load 
ext(*rnal to the instrument. The internal 
load resistors are chasen to terminate a 
wide variety of transmission lines in 
their characU^ristic impedances. 

General Design Considerations 

The main objeertive in the design of 
tin* Type 1219-A Unit Pulsi* Amplifier 
was to obtain a maximum value of <*ur- 
rent into the load while retaining as 
many of the desirable wide* rangers of 
ihiration and repL>titi(»n rates of the 
Unit Pul.st*r as po.ssible. It was obvious 
at the outset that some maximum duty- 
ratio limitatioius had to Ix^ impastMl if 
the amplifier were to pnxluce a usefully 
high output power at nuMlerate cost. A 
current l>i*twtH*n * 2 *^**<^1 I amjK^re, giv¬ 
ing an adfH{uate voltage for dire<*t 
deflection of a cathodtvray tube with 
the lowest normally encountered trans¬ 
mission-line terminating imjK*dance. 
was desirable. General considerations of 
[)ower supply design, economical pack¬ 
aging. heat di.s'^ipation, and vacuum- 
tulH* availability UhI to the final choice* 


Figure 1. Panel view of the Typ« 1219-A Unit Pulte Amplifior. 
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of iK'uk cuiTciit as (KM) ma for vt*i y low 
duty ratifjs and TKM) ma for duty ratios 
in th(‘ lUM^hhorhood of 0.1. maxi¬ 
mum duty ratio was H(*t at 0.2 l»y plate 
dissipation in the output sta^e. 

'I'he auxiliary e<»nsiderations of drive, 
l>andwidth. and output eireuit were 
ehoscMi t(» make the unit as universally 
applii'ahle as possible. Minimum output 
imp«*dam*e was .s(»t at ’K) ohms, and 
eonvonient valu<*s of output impi*daiu*e, 
raii^riiiK up to loO ohms for pcxsitive out¬ 
put pulses and 570 ohms for the ne^'a- 
tive pulsf^, wer(» provided by internal 
swit<*hinK. With puls4\s of h»:i >5 duration 
and low values of output imiKHlanee. 
a rapa<‘itive output i*ouplin^ system 
would be bulky and woulrl limit the 
output vr»lta>jes. To overcome this 
problem, the imtput switching .system 
was designed to permit both negative 
and positive output pul.s4*s to n*tain 
their d-c f ornponent ndative to chassis 
ground. 

For maximum flexibility. pr<»vision 
is nuaie for both positive and negative 
driving pulsc's. A panel switch connects 
an amplifier-inverter stage into the <*ir- 
cuit when po.sitive drivt* is useif. With 
this arningemeiit. it is possible to drive 
the arnplih(*.r from almost any pulse 
sourct*. 

To iiu reasi* further the flexibility of 
the instrument, a switch has been pro- 
vidtsl which will irdine the output cur- 
ixMit by a fa< l4)r of approximately 2.5, 


Figure 2. The Unit Pulter and Unit Pulse Amplifier, 
os set up to pulse a Type 1218-A Unit Oscillator at 
1400 megacycles. 



SO that it btM'omes possible let operate 
the instniment safely at duty ratios up 
to0.5 with an output current of 2(M) ma. 
Two desirable features are gained by 
this nifide of o|K*ration; it is possible bi 
obtain a stpiare-wave output, and the 
rise and ilecay limes are improved. 

.\s with any powcu* amplifu'r where a 
maximum tliity-ratio re.striction is nec- 
e.ssary to obtain the desired f)(‘ak-p«»wer 
out put, it is possible, by incorrect choice 
of the input time dumtions and repeti¬ 
tion rates, tci overload the output am- 
plifii*r stage and therefore to damag<* 
it. The ne<*es.sary protection for the out¬ 
put tub(»s and power .supply is afforded 
by a l(M)-ma fus<‘ mounted on th«‘ front 
panel. A neon panel lamp d(M‘s d<»uble 
duty as pilot lamp and blown fu.se indi¬ 
cator, since, in tin* event of a .serious 
overlotul which will blow the fuse, the 
lamp is extinguished. 

Circuits 

'Die ba.sic circuitry of the Fnit Pulse 
.Vmplifier is convcwitional. as shown by 
the elementary .scdu'inatic of Figure 3 
and con.sists of a power .stage using two 
paralleled 57(>3 power pent<Hles (V-3. 
V-4i, a ilriver employing a Typk 12Ar7 
(V-2), and. for positive input pulsus, an 
amplifier-inverter stage (V-l). Two in¬ 
ternal power .'^upplu‘s of 3(M) volts and 
2(K) volts for the output tubes and driv¬ 
els, respei*tivel 3 % are provided. 

A single 12-position outiait switch. 
S-l, controls the intenially available 
output impedances and output pul.^e 
polarity. Four positions of this switch 
sidect output pul.s<‘s that are positive 
with re.s|x*ct to eha.ssis ground at im- 
peilaiice levels of 50, 75, 100, and 150 
ohm.s. In this cla.ss of o|x*ration the two 
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(Hitput liilu'H urr used jis cathode fol- 
^ lowers, and tladr 3(K)-v<»lt. power supply 
has its iiejjative side on chassis ground. 
For puls(\s with iiej 2 ;ative polarity the 
reniainiiip; ei> 2 ;ht switch positi(»iis are 
us<mJ to provide iiiternul loads with im- 
pe<lances ran^in^ from 50 to approxi¬ 
mately 570 ohms. The loads in this case 
are placiHl in the plate circuit of the 
57t’>3’.s. and the positive side of the 
3(K)-volt pow<T supply is j^rounded to 
chassis. The «)utput stajte for negative 
puls<*s thus appn»aches a current source, 
and the output impcHlance is liiu'ar and 
inde|)endcnt of tube I'haracteri-stics. 

For negative |»ulse input, the input 
polarity .switch conm^’t^ the input ter¬ 
minals directly to the driver stage. 
In this ust\ the power amplifier is 
a two-.stage unit and provides an out¬ 
put pul.se of ex<*ellent shai>e (.s(h^ Fig¬ 
ure 4) in which the input pul.se dtira- 
^ tion is faithfully repnaiin-exl. For a 
largi^amplitudc* negative pul.se. ulti¬ 
mate ri.se and decay times for the 
output stage are .0.50 and .(KiO |i.se<* 
re~spe<*tively. I*uls<*s its brief as .050 
as<M* at the half-amplitude points have 
beiMi faithfully reprorhiced. When the 
iluty ratio switch is in the 0.5 po.sition, 
the ri.se and decay times are improved 
t.o .050 and .020 respectively (.see 
Figure 7a). 

'fhe amplifier-inverter stage is con- 
nei'ted tr) the input terminals atid sup¬ 


plied with plate voltage when the* input 
polarity .switch is in the l^tmtivr input 
position. This stage then provides a neg¬ 
ative pulse to turn off the driver upon 
the application of a positive driving 
pul.s<*. Some care must be exercistNl to 
prc.serve the good shape characteri.stics 
inhment in the driver-power amplifi(*r 
system. An exce.s.sive positive driving 
amplitude will cause the output pulse to 
be stretched by up tci 0.4 gsec and will 
cause a small hump of the order of 
of the pulse amplitude to apjM^ar l)efore 
the late transition (sc*e Figure 7c^ 

Since the output system is direct- 
couplcMl. the input signals at the grid of 
the driver atid amplifi(*r must be applied 
through ('oupling capacitors. 4'he..se .sig¬ 
nals mu.st apiH'ar m'gative or positive 
with n*s|K*rt to the cathode potentials 
of either the driver or amplifier. If the 
input were applied relative to cha.s.sis 
ground rather than referenced to the 
negative supply, any ni>i.se or hum on 
this supply would add to the sigtial. 
'fliis would unnec»‘.ssiirily complicate 
the design of the liriver-power supply. 
Note that, in Figure 1. the input sig¬ 
nals are nderenced to tin tlrivt r supply 
negative rather than to cha.ssis grounil 
by virtue of an insulated low input 
terminal. Ih^st piuformance will always 
Ik* obtaiiMNi by fi(»ating tin ground of 
tin input .system i»n thi.s post, 'fhis d(M*s 
not pre<4ud«* obtaining .syin'hronizing 


Figure 3. Elementary schemotic circuit diagram of the Unit PuUe Amplifier. 
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Figure 4 

Negative output pulse 
0. I^»s•c/cm P.R.F. • lOkc 

son 28 volts Tp »0.Ifisee 


O.lMsec/cm P.R.F. - lOkc 
son 28 volts Tp«0.5^sec 


Vsec/'cm P.R.F. ■lOlcc 
50Q 28 volts Tp.3M»*c 



Positive output pulse 


L sec/cm P.R.F. ■ lOkc 
soil X volts Tp - 3^5 oc 


0.1.i^sec/cm P.R.F. ■ lOkc 
Xfi X volts Tp » 0.5/1 sec 


O.Vse^cm P.R.F. . lOkc 
Xfi X volts Tp • 0. l^soi 



Negotive output pulse 


200/i^sec/cm P.R.F. ■ 200c 
son 25 volts Tp * 1000 m*«< 

(Note slope of bottom) 


ISSti.soc'^cm P.R.F. ■ Ike 
STOfl 270 volts Tp « 200^ sec 


Ike square wove 
XQ 10 volts 


pul.sos, etc., from the driving .source, 
.since the.se .signals are generally f>l>- 
taineil through coupling circuits whose 
low-frequency impedance is negligible. 

The two internal power supplie.s are 
of the full-wav(Mloubler variety, which 
make most efficient use of the power 
tran.sformer (‘opper and to wfiich .sele¬ 
nium rectifici-s lend th(‘.m.selve.s so well. 
Large rectifier de-rating figui*es have 
been u.sed to insure long life. .\de(iuate 
filtering is providefl by two-.seciion R-C 
units for both driver and output .sup¬ 
plies. The hum on the output pul.se is 
les.s than 1%. 

Some Notes on Operating Characteristics 

In any .specific use, I'areful considera¬ 
tion mitst be given to two important 
effects that are encountered with (1) 
puKse.s of high duty ratio and (2) pulses 
of long time duration. The characteris- 
tic.s of the Typio r219-.V under the.se 
conditions are given in Figures 5 and <i 
below. 

Figure 5 shows the effect of higli duty 
ratios on output current. This informa¬ 
tion is tabulated on the panel. The 
effect is due to power supply regula¬ 
tion, and it. is an advantageous one 
becau.se it permits a more economical 
use of the output tube.s for the low 
duty ratios most commonly encoun¬ 
tered. Without the protection of de¬ 
creasing pow(‘r supply voltage at higher 
<luty ratiiKs, either the range of duty 
ratios or the peak current at the lower 
ratio.s would have to be decreased. 

Figure b .shows the characteristics 
of tlie output pulse witli regard to ma.\- 
imum permi.ssil>le pul.se durations for 
negative drive. Here the criterion se¬ 
lected wa.s a droo|) of 10% in the “tube 
on” portion of the pul.se*. Tlu^ ram|>-off 
may be due to any one or a combinat ion 
of three effect.s: (1) di.scharge of the in¬ 
ternal power .supply, (2) insufficient 
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Figure 5. Effect of duty ratio on output current. 

driviiiK amplitude which will cause the 
driver tilin' to I'ome hack on prema¬ 
turely, nr (.S) a eomhinution of low driv¬ 
ing!; voltanje with an external blocking 
capacitor in the driving pulse gent'ralor. 
Figure li shows that, with a tlriving 
vttltage in excess of 27.5 volts, tin* first 
elTect will predominate, and a ram|>-ofT 
of 10% will 1)0 reached with an output 
pulse of 41M)() /i.st*c. The* rate of ram|>-ofF 
i.s very ne 4 irly linear so a 10(K)-g.s(*c 
pulse will have a droop of 2.5% tlue 
to this effiM*t, etc. (dotte<l curve). In- 
ti*ractif)n between the driver and main 
power .supplit^s holds the drot»p for |>osi- 
tive pulse outputs down, so that, with 
input amplitudes in exet'ss of 55 volts, 
positive output pulses up to 10,000 
may be obtaiiuMl. A.< the driving 
voltag(‘ is lowered Im'Iow its maximum 
value, the I'ffwt due to discharge of the* 
driver coupling circuit pri'dominates, 
and th«» lOVy, ram|>-off figure is n*uched 
sooner. For example, with only 25 volts 
availal)le. tin* output pulse droojxs by 
^ \0% at 30(M) gH(M*. 



' JJSL OUPATiOH 


Figur* 6. Output puls* chorocUristics 
os function of maximum permissible 
puls* duration. 


With po.sitive input pulses, the driver 
stage* supplies an adequate voltage to 
permit tin* maximum durations shown 
in Figure 0 to be readied. 

P'igun* 7 illustrates two additional 
minor charaebtristics of the I'ulso Am¬ 
plifier which are of int(*rt*st when the 
unit is used to priMluce brief pulses. 
The effects are time delay and a tend¬ 
ency for the input pulse to Iw st retched 
when tin* inverter-amplifier stage i.s 
overdriven by a positive input puls<*. 
Figures 7, a and b. illiustraU* the time 



Mi 

M 

■ 

■ 

•III 

■ 



IfJH 

1 




Figure 7 

Time deloy ond overdrive effects 

Input Neg. 50v 0.05^sec 

Output Neg. 2Sv 500 O.OS^sec 


Input Neg. SDv O.OS^sec 

Output Pot. 20v 500 O.OS/isec 


Input Pos. 50v 0.05/i sec 

Output Pos. 30v 500 O.dftsec 
(Note stretching caused 
by overdrive) 
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ilolay effect for holli negative and posi¬ 
tive outputs witti a brief negative input 
puls4*; tlie time delay through the Pu1m(‘ 
Amplifier is of the order of 0.05 /user. 
In Figure 7r. a high-arnplitude positivi* 


pulse is u.sefi to overdrive the pulse in¬ 
put stage, and the output pulse is 
“stretched*' by appro.vimately 0.35 
Msee. The stretching effe(*t is reduced by 
mducing inimt amplitude. 

— H. \V P'r.x.nk 


SPECIFICATIONS 


Output Pult«: Thf optmH’io'Utt output piilHi' 
volt^igi* is ttetween 10 and 2o0 volt.x ami in 
the priMlurt of the coinbitmtion of im|K‘cliirirt* 
ami uviiilahle rurreiit tinted Ih'Iow. 

(I) IiuiitHlance: 

a. Punitive pulnt*: 50, 75. 1(H). 150 ulitiis, 
ail 

h. Negative pulw: 50. 75, lUO, 150, 2(H), 
250. :t(H) ohni!4. all =*=10%; •*>"(> 
ohim* *20% di*sigin*d to |M*rniit 
maximum ouUMit voltage. 

(2> Output Cum*iit: Tlii.** <|uuiitity dem*ndn 
u|KMi tin* |>onition of the duty-ratio neleetor 
nwiteh and uimmi the iluty ratio. 


DUTY 

RATIO OUTPUT CURRENT (mo) 



HXSITIVK PVUSK 

NKi;.ATIVK IM'LSK 


nRS»0.2 

DHSwO.5 

I)R8w0.2 

nR.SwO.5 

t» tVi 

II t 

0 2 

0 

ayii 

:>8(i •^10% 

r..^) -^10% 

3.W -15%, 
32.5 

3{M) -15% 
25(1 -15%' 

,575 -t0%i 
1 550 -10% 
475 -10% 

330 -1.5% 

: 300 - t5% 

1 275 -15% 
225 


(d) Traumtion Times; The transit ion limes 
deiM'tid on the tniiisition times, magnitude, and 
|M>larity of the input jiiiise, as utdl as on the 
.settings of the output im|X‘dHm*t% polarity, and 


duty-ratio switidies. Thesi* rharaet4>riHties an* 
summarized in the table lielow. 

(4) .Ma.viinum I’ulsi* Duration: The maxi¬ 
mum durati<in <if tiu* pul.se de{M*nds only on the 
tolerable rnnifi-otT during the ‘‘on’' {joriixl. If 
10 % is c*ho«<*n. then the ma.ximum "on’’ |x*riod 
for iKiaitive puls4*s is 10 mt-sw and f<ir negative 
puls<\s 4 m/js<M*; with the Ty|K* l2I7-.'\, the 
maximum for negative pulses is 1 mpsiM*, for 
positive pulsi’s, 10 iniMs*. 

(5) Pul.se Shafx*: ()versho«il less than 5%. of 
amplitude on any output switeh (Misition. 

((») Noisi*: Hum on the out(iut puU* less 
than 1%, of piilfx* aimilitude. 

(7) Input Pulse; The maximum duration of 
the output pulse is to some extent deP-rmined 
by the input pulse voltagr*. and tolerable ilrmip. 


1 

Input 

.\I.\.\I.Ml\M DFK.VTION* 
TO 10% DH<M)P 

Ptisitive 
()utput 

.Negative 
(>utput 

Negative :10 v 
Ni*gative 55 v 
Positive 10 v 

2 (KX) iiWM- 

lO.tHH) 

10,000 

KHK) ^si*<> 
10(H) 

(HMH) 


The dnxip is approximately linf‘ar, hemx* the 


INPUT PULSE 

OUTPUT CHARACTERISTIC 

OITPIT 

Switeh 

Hise 

and 

l>eray 

Polarity .Amplitude Time 

DITV RATIO 
Sw 0,2 

DITV RATIO 
Sw 0.5 

Uixr 

Time 

I Xx'ay 
Time 

Ris* 

Time 

I) •<*ay 
Time 

Negative 150 v 2 riusiH* 

50 np.see 

30 nU'See 

40 in^iSee 20 m see 

Neg:itive, 50 11 


50 

r>o 

00 

50 

Negative. 50 U 

Negative 110 v 50 tn/.si*e 

1(H) 

, 1(H) 

30 

(K) 

Negative. 570 11 


80 

i SO 

00 

70 

I*o.Mitiv«*, .'H) 11 


180 

no 

1 10 

SO 

Positive, 150 li 


00 

(N) 

40 

SO 

Negative, 50 11 

Negufiv** 50 V I217-.A 

1(H) 

120 

•H) 

no 

Negalivi*. 570 11 

j*uls4*r 

90 

l‘20 

70 

KHI 

Positive. 50 li 


180 

ItU) 

120 

1.30 

Positi\M*. 150 11 


(H) 

240 

10 

KH) 

Negative, 50 11 

Posilivi* 2 5 V I2I7-A 

no 

210 

SO 

100 

Negative. 570 11 

Pulser , 

IM) 

ISO 

•HI 

120 

Positive, 50 11 

(.Minimum neeessary drive) 

ISO 

210 

130 

100 

Positive, 150 11 


50 

SO 

40 

00 

Negative, .'SO 11 

Positive 25 V 1217-A ' 

\H) 

no 

KHI 

1(H) 

Negative, 570 11 

PulsiT 

tH) 

no 

00 

SO 

Positive. 50 11 

(Puls** stri'tehing 0.3 es***’* 

ISO 

150 

no 

no 

IVisitive, 150 1* 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • fax: (516) 334-5988 










IS 


JULY. 1955 


iiuixiiimm dumtiuiiH for 5% dr<M)|> an* ^ tht* 
af)ov(; Hgurea. 

input Impedancu: Approximately 50 kilohius 
HhunUMi l)y .*i 0 apf. 

Type 


Pow«r Supply: 105-125 voltn, 50-ii0 eyciw. 
Input Power: 75 wall**, full load, ll5>volt line. 
Dimensions: (Width) lU*'>i X (height) 5 ^^m X 
(depth) 6^4 iriehea over-all. Net Weight: 8 ^ II)h 

('tkit Worfi Price 


1319-A 


Unit Pulse Amplifier 


U. 8. PeUmt 2.ft48.4:i7 


At RIO 


A REGULATED POWER SUPPLY FOR 
INSTRUMENTS 


$175.00 

UNIT 


To providt? the ultimate in perform¬ 
ance from (teneral Radio rnil. Iiistrii- 
ment«, a voIluKi^-regulated power unit, 
the Type 12n|.A Tnit Regulated I’ower 
Supply, is now available. 

Although the Type rJ03-.\ Unit 
Rower Supply is adequate for all normal 
uses of Unit Instruments, there are ap¬ 
plications where ma.vimurn stability of 
oscillator output amplitude and fre¬ 
quency Is nsjuired, when* amplitier hum 
level or pulse jitter must Ik* minimized, 
or where local line voltage fluctuates so 
badly that regulation is a necessity. For 
these and other critical applications, the 
new regulatcni power unit is well suited. 

The Type 1201-A Unit Regulated 
Rower Supply is identical in size and 
external construction to the Type 
1203-A Unit 1*0wer Supply, so that the 
two are completely interchangeable 
mechanically for the operation of Unit 
Type 


Instruments. The regulateil unit, how- 
ev^er, is capable of furnishing higher out¬ 
put current with greatly redu<!ed ripple 
and noise. 

The circuit, shown in Figure 2, is 
that of a conventional s4»ries n*gulator, 
using a 5051-type voltagi* reference 
tube and a high-gain cascode amplifier. 

For (Titical applications, the u.se of 
the Type 1201-A Unit Regulated Rower 
Supply will result in improved |K'rform- 
ance from (IR Unit Instruments. 
SPECIFICATIONS 

High-Voltag« Output: 

Magiiitud(\ IWM) vttlts dc, ^ \% 

Iti'Kulsitiun. ^ 0.5% 

Current, 70 iim, miix. 

l20-(Vrie Hippie, 10 millivolts at full load 
H«oUr Output: 0..‘t volts, ac; 4 amp., max.; 
urireKulutc<l. 

Input: 105 to 125 volts, 50 to 00 eyeies, 100 
watts. 

Tubus: I — I2A.\7 I — 0AV5(iT I — 5t»5l 
Oimuntions: ^Width) 5 X (height) 5^4 X 
(depth) OV 4 inches, over-all, not including 
(M)wer cord. Nut Wuight: 5 |>oundH. 

('ode Word Price 
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NEW PHILADELPHIA OFFICE 

In order to give better service to 
our <*iistoniers in the Philadelphia and 
Camden areas. General Radio has 
openr*d a new branch office at 1 loO York 
Road, AI)ington, Pennsylvania. Mr. 
Kipling Adams, for nine years manager 
of the Chicago office, is now manager 
of the new Philadelphia <»ffice. 

Mr. William M. Hide, who has been 
associatiHl with our (’hicago office for 
fiv^e years, becomes manager of the 
Chicago offic(^ and will be assisted by 
Mr. Robert E. Hard, who has for the 
past thrcH* years Iwn on our (Cambridge 
Sales Enginet^ring staff. 

OTHER BRANCH OFFICE CHANGES 

Mr. William R. Yhurston, well known 
in the New York area as manager of our 
district office and as (’hairman of the 
Northern New Jersey Section of the 


IRE, is returning to the home office at 
Cambridge to assume new re.sponsibiti¬ 
tles with the Sales Engineering group. 

Mr. George G. Ross becomes the new 
manager of the New York office. He 
will be ably assisted by Mr. C. William 
Harrison, who for the past two years 
has b<H.Mi a .sales engineer at Cambridge. 

NEW DISTRIBUTOR FOR ISRAEL 

We take plea.sure in announcing the 
appointment of the Landseas Pnxlucts 
Corporation, 39 Hroadway, New York 
0, New York, as our exclusive represents 
ative for Israel. 

It is expected that we shall be able to 
render the best possible .service to our 
friends in Israel through the good offices 
of the parent concern and its resident 
branch, the Landscaus-Eastern Com¬ 
pany, P. (). Box 2554, Tel Aviv, Israel. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 
CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TRowbridge 6-4400 


BRANCH ENGINEERING OFFICES 

NEW YORK 6, NEW YORK LOS ANGELES 38, CALIFORNIA 

90 WEST STREET 1000 NORTH SEWARD STREET 

tel.— worth 4.2722 T E L. — H 011 y w o o d 9-6201 

CHICAGO 5 , ILLINOIS ABINGTON, PENNSYLVANIA SILVER SPRING, MARYLAND 
920 SOUTH MICHIGAN AVENUE 1150 YORK ROAD 8055 1 3lh STREET 

TEL. —WAbaih 2-3820 TELi TUrner 7-8486 TEL. —JUnIp*r 5-1088 
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